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Range & Stopping Power in Nucleonica

Stopping Power; energy loss of energetic particles per unit length in matter. 

The range; the mean path length of the particle in the target matter before coming to rest. 

The first calculation of 
stopping power was done 
by Bohr in 1913. Wave mechanics

started in 1926

Hans A. Bethe
1906-2005

First quantum mechanical
calculation of
stopping power in 1930
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Range & Stopping Power in Nucleonica

Space researchsParticel physicsfor understanding atomic structure at the begining of 20. century.

Stopping power has been studied

in 1920’s for developing quantum mechanical scattering theory.for nuclear fission in 1930’s and 1940’s, in 1950’s for nuclear physics.in 1960’s for technological applications of ion implantation.in 1970’s for material analyzing and radiation oncology.
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Range & Stopping Power in Nucleonica

I. Inelastic scattering on atomic orbital electrons.
It leads to excitations and ionizations of atoms 
of the medium, and is called “Collisional
Stopping Power”.

Types of Interactions

P T

II. Inelastic nuclear scattering.
This results in radiation which is known 
as “Bremsstrahlung”, so the stopping 
power is the “Radiative Stopping Power”. 

P T
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Range & Stopping Power in Nucleonica

• The RANGE module uses the SRIM "engine" for heavy ions, alphas and 
protons.

• Own codes for the calculations for electron, positron and muon
projectiles.

• The interaction of incident electrons with target electrons can be 
calculated from Bethe’s theory.

• The collisional stopping power of matter is calculated by considering the 
effective charge approximation.

• For Radiative Stopping Power, RANGE module uses simple ratio:  

Srad/Scoll = ZE/800

• Range of the electrons, positrons and muons in matter is calculated by
using Continuous Slowing Down Approximation (CSDA):

Physics Behind the RANGE Module 
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Range & Stopping Power in Nucleonica

Wiki Help at 
http://www.nucleonica.net/wiki/index.php/Help:Ran
ge_%26_Stopping_Power

Main Interface:
Projectiles Target

http://www.nucleonica.net/wiki/index.php/help:range_%26_stopping_power
http://www.nucleonica.net/wiki/index.php/help:range_%26_stopping_power
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Range & Stopping Power in Nucleonica

Results:
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Range & Stopping Power in Nucleonica

Wiki Help:
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Range & Stopping Power in Nucleonica

The RANGE module:

• provides a user-friendly interface for quick and accurate calculations on the 
range and stopping powers of charged particles. 

• can calculate SP and Range for electrons, positrons, protons, alphas, muons
and heavy ions in a variety of different natural elements, pre-defined and 
user-defined compounds.

• give freedom to the user for selecting the energy and stopping power units.

• provides high quality graphs for SP and Range.

• can be used in the Nucleonica scripting language.

• Test results show agreements of less than 5% for protons and alphas, less 
than 10% for electrons and positrons, and less than 7% for muons for the 
total stopping powers and the CSDA Ranges. The Range module uses SRIM 
for heavy particles with a known accuracy of less than 5%.
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Range & Stopping Power in Nucleonica

EXERCISES
Q1: What must be the minimum thickness of a shield made of (a) 

Plexiglas and (b) aluminum in order that no beta rays from a 90Sr 
source pass through?

SOLUTION: 
Firstly, we must know
the decay chain for 90Sr.
Go, Applications>Decay Engine
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Range & Stopping Power in Nucleonica

What is the energies of beta rays from 90Sr and 90Y?
Go Data>Nuclide Datasheet
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Range & Stopping Power in Nucleonica
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Range & Stopping Power in Nucleonica
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Range & Stopping Power in Nucleonica

Q2:What thickness of aluminum foil is required to stop the alpha
particles from 210Po?

Hint: Check the decay chain of Po-210, then find the maximum energy
of the alpha particles emited in the chain.

SOLUTION:

No,Radioactive daughter
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Range & Stopping Power in Nucleonica

Data>Nuclide Datasheet
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Range & Stopping Power in Nucleonica
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Range & Stopping Power in Nucleonica

Q3: What are the energies of 12C ions to implant to 1mm depht in SiO2 sample?

SOLUTION



Joint EC/IAEA Training course with Nucleonica , 12-15th Oct., Monaco 18

Range & Stopping Power in Nucleonica

Q4: Consider the case of fluence of 1010 /cm2 10 MeV electrons incident on
a Pb layer 1mm thick. Calculate the mean dose deposited by electrons.

SOLUTION
Mean dose deposited by the electrons is given as D=1.602x10-10xSexΦ
Here Se is collisional stopping power in units MeV/g/cm2 and Φ is the fluence
in 1/cm2. So, dose can be obtained as Gy.

Se=1.128 keV/mg/cm2 (MeV/g/cm2)

D=1.602x10-10x1.128x10-10= 1.807 Gy
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Range & Stopping Power in Nucleonica

Thanks!
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